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INTRODUCTION

Interest in the impact of oi l  exploration and subsequent exploitat ion

has provided the need to further explore and understand certain reactive

constituents and their cycles within the oceans. These trace constituents

of seawater can be excellent indicators of certain types of pol lut ion

provided baseline levels have been established.

Trace constituents are concentrated and transported by suspended

mat te r , zooplankton and neuston in a variety of ways. Zooplankton have

been shown to transport trace elements through: ver t ica l  migrat ions across

mixing barriers (Pearcy and Osterberg, 1967), moult ing of exoskeletons

(Fowler  and Smal l ,  1967) ,  the sinking of skeletal structures after death

(Arrhenius, 1963) ,  the incorporat ion of  e lements in to  fast -s ink ing feca l

p e l l e t s  (Osterberg,  e t  a l . . , 196s), and the passage of  elements to  a——

highe r  trophic  leve l  (Osterberg,  Pearcy  and Curl, 1964). Suspended

matter, both biogenic  and terrigenous , may have elevated trace metal

concentrations from chemical processes such as chelation, adsorption,

p rec ip i t a t i on  and  f l occu la t i on . This material  is often  adsorbed to or

ingested by small  marine zoopla,nkton  who concentrate the metal ions and

transport them either to the benthos or higher up the food chain.

The concentration levels of dif ferent zooplankt,on  populat ions may

vary due to: the amount of the element available (Goldberg, 1957);

the temperature and sa l in i ty  o f  surrounding waters  (Duke,  et  al., 1969);— .

the populat ion turnover  ra tes (Mar t in , 19?0) ,  and the  phys io log ica l  s ta te

of the organisms (Haywood,  1970). Zooplankton  populations wil l  show

further differences in elemental composit ion since each population can
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consist  of up to  twelve phy la  of  very  d i f ferent  morphologies  and trophic

l e v e l s . Moreover, each species may exhibit  vastly dif ferent chemical

contents (Nicholls, Curl and Bowen, 1959).

Heavy metal pollution has already caused severe losses of shellfish

and other commercial fisheries , as well as affectin~  human health in

isolated cases (Merlini,  1971). Heavy metals, unl ike the ma<jor consti-

tuents of seawater, are hi~hly  reac:-,j.ve,  ar.d rn’~ch needs to be known

about their transport in the marine environment. Suspended matter,

neuston , and zooplankton which are able to remove, concentrate and

t ranspor t  t race meta ls , are thus important in the fluxes  of these  heavy

metals throughout the oceanic environment.
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Sample Collection

Suspended mat,ter,  zooplankton  and neuston  samples  were col lected

aboard the R/V TURSIOPS on four transects across the  western and southern

continental shelves of’  Florida, Alabama and Mississippi (FiRure  1).

The sanples  were collected during June

of 1w6 as part of the MAFLA p r o j e c t .

during the last two sampling periods.

.
and September of 1975, and. January

Neuston  were col lected for analysis

one suspended matter and. zooplank-

ton samp~e was

t ransects ;  two

c o l l e c t e d  at  each of  the f i f teen ita,t?.ons  s?tuated  on the

neuston  samples (day a?d night) were collected at these same

loca t i ons . Durin2  the  September, 1975, sampling

sa~nle  >~as colle~ted  follo~~ing  H u r r i c a n e ELOISE

F lo r i da ;!iddle  Grounds.

per~od,  one addi t ional

a t  S ta t i on  1205  on the

Water  samples were col lected at  10 meters deyth  on

~ydro~.~ire us ing  one  3 0  ~pol~inyl  chlovide  (?7~C) ::isk:.n
.

intevnal rubber closure.

S u s p e n d e d  v.ate~ials  were  se~a~ated  fror,  the  wat.e?- in tb.e SO ~Niskin

bot t le  onto  k7 mm d iameter ,  0.4  pm pore size, Nucleo’poreR membranes.

The f i l tering system, which was closed to atmosphere con$aminatior.  con-

sisted of 9.5  mm I .D.  s i l i con rubber  ( leached wi th  4 N HC1 prior to samplir,g)

which carr ied the water  f rom the Niskin  bottle  to  a high  dens i ty ,  l inear

polyeth~-].ene  Millipore  f i l t e r  h e a d . To minimize contamination during the

sampling period, the disconnected tubing was covered with polyethylene

bags. Prier to f i l ter ing a new sample the tube was f lushed with  app rox i -

mately one l i ter of that sample. To prevent exposure to shipboard con-

tamination, the f i l ters were loaded prior to samplin&  and removed af ter

R tweezers in a clean bench.sampling with Teflon Fi l t ra t ion was carr ied out

b y  pressurizin~  the Niskin  bot t les wi th  0.35 kG/cm2 o f  f i l t e red  n i t r ogen .

In  an at tempt  to  prevent  any atmospher ic  contaminat ion
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the system was completely sealed. to the atmosphere and was constructed of

h igh densi ty  l inear  po lyethy lene. To prevent contamination by material

j.n the nitro~en  pressure cy l inder , two high  densj.ty  po lyethy lene Mi3.1i-

pore filter heads containing 47 mm, 0.1 Pm pore size, NuclcporeR  membranes

were placed between the nitrogen source and the Niskin  bottles. The

water

for  a

a 0.5

frame

obta ined af ter  f i l ter ing was reta ined j.n a  po lyethy lene reservo i r

volume measurement.

Zoopl.ankton  samples “were collected on stepped oblique trawls with

m zooplankton  net with a mesh size of 202 pm. The br id le ,  net

and net grommets were all constructed of brass so that there

is a possibi l i ty of some contamination. All ioYTs were done on p last ic

hydrowire  with the hydroweight  enclosed in a large plastic bag. In an

attempt to minimize ship

down closed unti l .  i t  was

opened and was closed at

rust and paint contamination, the net was sent

beneath the boat’s keel at which time it was

the same location when being brought aboard.

The net was washed down with surface water collected in plastic buckets

rather than using the shi.pts  seawater system which would  increase the

potent ia l  for  sample contaminat ion via  the introduction of metal part icles.

After removal of the plastic cod end containin~  the sample the net i tself

was cleaned with the seawater system, rinsed overboard, and stored in

large plastic bags unti l  the next sampling.

The zooplankton in the cod end were divided in a plastic spl i t ter

that had been r insed with 4 N HC1 and deionized water - one part  for hydro–

carbon and the other for trace  metal  analys is . Excess water  was removed

on a ring of’ No. 20 nett ing, and the concentrated zcmplankton  were stored

in  j a r s  - acid r insed glass jars - for the f irst two  c ru i ses  and  ac id
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leached polyethylene bott les for the last cruise. These samples we re

f rozen  un t i l  t hey  were  re tu rned  to  the  l a b o r a t o r y .

At each sta,tion  neuston  samples were collected once during the

day and once at night. Samples were exposed to  many possible forms of

contaminat ion f rom ejther  the portion of the water  column being  samp led

or from the sampling gear and techn+.que. T h e  neuston  sled’s  s t r uc tu ra l

members were constructed from various forms of metal  - many of them rusty.

Immediately in front of the net opening was a flowmeter  with rusty

attachment hooks although on the winter cruise of 1976  this was exchanged

for a more suitable stainless steel flowmeter  attached with shock

cords. The nets were continually exposed to  airborne contaminants

between static%s  since the net remained uncovered. The greatest source
%

of contamination was felt to be the tar balls and other miscellaneous

objects  o f ten co l lec ted (c igaret te  f i l ters ,  p last ic  bags,  e tc .  )  dur ing

t Ows . Although these objects comprise only a part of the neuston  samples

they mask any changes occurring in the living biota.

Samples after collection were concentrated on a ring of No. 20

net t ing,  a t  which t ime large  tar balls and other  ob jects  (SarCass~,

sea grass, etc. ) were removed with solid Teflon R tweeze rs . During the

second sampling period samples were frozen in acid-washed glass jars while

acid leached polyethylene bottles were used for the lzst  sampling period.
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Pref’iltration  preparation of the NucleporeR  membranes consisted of

a 48 hi- desiccation usinG  si l ica-gel after which they were weighed to

the nearest microgram using a Perkin Elmer AD2 microbalance. V a r i a b i l i t y

in weigh;ng  techniques was f3  micrograms as determined by replicate

weighings of membranes on consecutive days. S ta t i c  e l ec t r i c i t y  assoc ia ted

with the r,ea3ranes  was removed prior to  each wei’gh<ng by Fassing  the

membrane over a polonium source. The f i l ters were then loaded into the

~~illipore  filter  heads which had ,just  been acid leached iwo  hours and

washed, These f i l ter heads were then placed in  plastic bags for use at

sea.

Af ter  the  f i l t ra t ion was completed, it was necessary to remove

res~dual  sea water  so the  f i l ter heads had %15 ml o f  de ion ized water

sucked through with a Na]gene  hand held plastic pump. The heads were

then  p laced  ~.n plast ic ba~s,  sealed and refri&erated  unti l  return to the

labo ra to ry . Here the membranes were removed and placed in linear poly-

ethylene funnels mounted  in a laminar-flov  clean bench, where they were

further rinsed with about 12 ml of deionized water  to  remove any residual

salt trapped on

s i l i ca  ge l ,  t he

total  suspended

t h e  f i l t e r . After a 48 hr desiccation period over

pads were again weighed on the Perkin Elmer  balance. The

load  was determined by dividing the difference between
.

the tare and f inal weight by the l i ters of water which had been f i l tered.

To separate the part iculate trace metals into a weak-acid soluble

and refractory fractions, the dissolution process was carried out in two

steps. The initial process whose purpose was to dissolve the carbonate

mater ia ls  and to remove the  easily reduced metal  hydroxyoxides  from the
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susT,cndecl mat ter ,  cons is ted of  a  two hour  leach o.f the  filter  vlth  a.

so lu t ion of  acet ic

placing the folded

rinse the  membrane

acid (25% v/v). The prOCedWe  IJ%? ca r r i ed  ou t  by

fi l ter in the sane funnel  assemhl.y wh i ch  was used  to

and then f i l l ing them with  approx imate ly  four  ml of the

acet ic  ac id  so lu t ion. After two hours the acid, retained in the funnel

by a ‘Teflon R stopcock, was drained into an acid cleaned, one ounce linear

polyethy lene bot t le . The f i l te rs  were then  triply  washed with  d e i o n i z e d

water whit’n

t h e  loss  of

(Robertson,

was dra ined in to the bottle  wi th  the f i l t ra te . To prevent

metal  s~ecies  to the walls  o f  t he  po l ye thy lene  bo t t l es

1968),  the pH was lo~.rered to >1 by adding 0.5 ml of concen-

t ra ted UltrexR(J.  T .  Baker)  hydroch lor ic  ac id . The process W6S com-

pleted by transferring this solution to an acid washed, 25 ml volu.metrj.c

flask, brought to volume and returned to the one ounce bottle.

Th is  so lu t ion , referred to as the weak acid soluble fraction,

conta ins the mater ia l  co l lected on the f i l ter  that  is  suscept ib le  to

dissolution by a ve.ak acid. This assumption is based upon the findings

of Chester and Hughes (1966, 1967) that “an acet ic  ac id  (25?! v /v)  a t tack

a pelagic clay wil l  l iberate into solution those trace elements present

in the carbonate minerals, those adsorbed onto nineral  surfaces, and

those prec ip i ta ted i.n ac id-so lub le  i ron ox ide minera ls ,  but  w i l l  on ly

s l ight ly  a f fect  those present  in  the ferro-man~anese  minerals.rf It  ~r~s

est imated by these authors that  on ly  0.852  of the Fe203 contaj.ned  in the

pelag ic  clay  tested was removed by the acettc  acid.

After the weak-acid dissolution process the f i l ters were returned

to thei~  respect ive vials for the second dissolution technique.

The second technique is  desi~ned  to brinR  into so].ution  the clay

on
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mine ra l s  ,and refractory metal  ox ides unaffected by the weak-acid leach.

This is carried out u~iri~  an all-Teflon~~  decomposi t ion vessel  and is

pa t te rned  after  the  tecliniques  of Buckley and Cranston (1971). However,

due to  the limited amount of  oceanic  suspended mater ia ls  which is nor–

m.ally  avai lable for analysis (<20!30 ug)  the procedure has been mod i f i ed

to reduce contamination and to optimize the analy~es  of such small

amounts o f  mater ia l

cons is ts  o f  p lac ing

. remaining suspended

(Rggjmann and Betzer, 1976) .  T h e

the previously leached IlucleporeR

material into an all-TefloriH  bomb

modif ied procedure

f i l t e r  w i t h  t h e

and adding 0.75

ml of concentrated Ultrex R hyd roch lo r i c  ac id  with  an EppendorfR

p i p e t t e . The vessel  is  closed and sealed with ~ luc<te  collar to  prevent

any loss of volati le constituents and placed in a 95°C  hot water bath for

30 min. After removal, the vessel is cooled in a freezer which al lows

the bonb to be opened without the loss of  vo la t i le  const i tuents .

Th is  is  fo l lowed by the injection of 0.25 ml of  concentrated UltrexR

n i t r i c  a c i d , using an EppendorfH  p ipet te , at which point the vessel ‘is

closed and re-irmnersed  in the control led–temperature bath  for a period

of 30 min. After  this heating and a subsequent cool-down, the vessel  is

R  hvdrofluoric  a c i d  (0.05Z  o fopened and 0.050 ml of concentrated Ultrex  .

the f inal volume) is added , again using an EppendorfR  p ipet te . A f te r  t he

vessel is heated for a one-hour period jn  the water bath,  it is again

-cooled and opened. The f i l ter is removed from the vessel using Teflon R

tweezers and placed in a ].inear  polyethylene funnel which drains into a

100 ml, acid-washed, LPE volumetric flask. The f i l te r  is  un fo lded ,  r i nsed

several t imes with deionized watc+r, removed from the funnel and discarded .
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T h e  acid  rema in ing  i n  t he  decormosition  ve:~cel  is  poured  into t h e  f u n n e l

and the ve~sel  is  thoroughly r insed with deionized w~~ter. Af ter  the  funne l

has been rinsed, the f lask is brought to volume.

The di~estion  p r o c e d u r e  is  a re l iab le  means of dissolvin~  c lay  and

r e f r a c t o r y  naterials  (Eggimann  and Betzer,  1976). Treatment of between

100 and 2000 Vg of the U.S.G.S. W--l standard and the National I?ureau of

S tanda rds  P las t i c  Clay  (98a) skcr,? that the recovery ST the  ceri,if<ed

elenents (Al,  Cr, Fe, 14g and Si) -.~as within one s tanda rd  dev ia t i on  of

100~,  indicating that there was complete d isso lu t ion of ’  these mater ia ls

(Eggim.nn  and Betzer,  1976). The amount of reference naterial  used in

testing the digestion procedure was chosen to encompass the normal range

of’ open-ocean suspended matter  samnles. However, i n  t’nis  san.ple  range,

the low leve ls  o f  the remain ing cer t i f ied elerents  (Fleischer,  1969)

determined in this study (Cd,

below the detect ion limit  for

It  was therefore not possible

Cu, Pb and Ni) resulted in concentrations

fl=!eless  atomic absorption (’Table 1).

to ascertain ~,’hether these elements were

completely recovered, although the  complete recovery of

f ied elements suggests that there was total destruction

and,  t he re fo re , conplete  recovery of the trace elements

ZoopLankton  and neuston  samples upon return to the

the other  certi-

o f  t he  c l ay  l a t t i ce

a l so .

laboratory were

dried in an oven at 65°c and then Ground with an agate  mortar and pestle

for the f irst two sampling  per iods and wi th  a  porce la in  l ined spex

mixer mil l  for the last sampling period. previOUs  expel”imcntat,ion  h a d

shown 0.5 g of dried zooplankton  conta ined suf f ic ient .  quant i t ies of

trace metals for analysis. Half  Cram amounts of homoxeni~,ed  dried
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zooplankton  were weighed onto  acid cleaned  pyrex  watch  gla~ses  with a four

place  !4ettler  ba lance. These watch Rlasses  were then  transferred to an

International Plasma low temperature asher  where the organic material was

oxidized leaving the trace components. The ash on the  watch  ~lasses  was

then t ransferred in to  Tef lon R decompos i t i on  vesse l s  with  sol id Teflon B

tweezers and three mil l i l i ters of UltrexR  nitrj.c  a,ciii.  Bombs  were  sea led ,

enc losed  w i th  a, lucite  collar and placed in a hot (75°C)  water bath for

six hours. After this t ime, they were cooled in a freezer, to al low opening

and prevent the loss of any vclatile  components. This solution was then

t r a n s f e r r e d  t o  50 ~  acid-washed, LPE, vo lume t r i c  flask,  anii brought  to

volune.

Elementa l -analys is  o f  a l l
\

Sample Analysis

samples of both the suspended matter and

organis~s  was cari-ied  out using atomic  absorpt ion sp?etroscopy. Perkin

Elmer  atomic adsorption spectrometers (!.lodels  403 and 503) were used for

t he  ana l ys i s  o f  a l l  e l emen ts  excep t  s i l i ca .  S i l i ca  was d e t e r m i n e d  cm

a Technicon  Autoanalyzer  I I ; the analyses for  aluminum, cadmi~L~, chromium,

copper, iron , lead, nickel, and vanadium were made using  a heated

graphite atomizer (Perkin  Elmer HGA2000 and HGA21OO). Analysis of calcium

was carried out with an air-acetylene flarre. The st.amdard  conditions and

instru~ent  settings used in the flame and the flameless  mode were the

same as those recommended by Perliin  Elmer (1971). AII  measurements were

made in the absorbance mode, the peak heiglits  beinc  recorded on a Perkin

Elmer Model 56 recorder. The injection of samples into the heated &raphite

atomizer was made using 25 or 50 Vi  EppenclorfR  pipettes.
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~,e  weak--acid soluble fraction of the samples  was analyzed for

calcium, cadmium, chromium, copper, iron, ,lead,  nickel and vanadiwfl.

The elements analyzed with refractory fraction included aluminum,

cadmium, chromium, copper, Iron, lead,  n icke l . , si l ica and vanadium. The

zooplankton  and neusion  were analyzed for cadmium, chromium, copper,

iron, lead, nickel and vanadium. The samples of  each ~roup  were analyzed

with e minimum of three combined standards whose concentrations bracketed

those of  the  samples. New standards were prepared weekly from  stock,

1000 ppn solut ions (Fisher Cert i f ied Atomic Adsorption Standards) and

were made up in the same acid matrix as

were also run with” standards to correct

b lanks. Nuclepore  membrane blanks were

the  samples. Acid matrix blanks

standzrds  for  any absorbance by

run for the suspended matter

samples to correct for any contr ibutions by  the f i l ter samples.

The absorbance of each sample was detern.ined  by averaging three peak

readings. This average absorbance was converted to  concentration by

comparison with a working curve computed by first order regression analysis

based upon three standards. To insure l inearity of the standard curves

only  curves with correlat ion coeff icients of 0.95  or  greater  were used

to calculate sample concentration. In an effort to reduce operator

bias, computation of the working curve and sample concentration was done

by an IIY1 360/65 compu te r .

Analyt ical Accuracy

Analys is  o f  bov ine l iver  and orchard leaves for  the i r  cer t i f ied

constituents with the procedure outl ined for the zooplankton  and neuston,

produced recoveries within the range of the reported values (see Table 2).

Intercalibration  comparisons for the digestion and analysis of  zooplankton
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Tab le  2 . Accuracy and Precision of Tissue Samples
( concentrations in ppm dly  weight)

Element Bovine liver (NBS) Bovine l iver (determined)*

Cd 0.27+_  0 . 0 4 0.32+_  0 . 0 3

Cu 193 _+ 10 187 LB

Fe 270 _+ 20 252 ~12

Pb 0.343 0 . 0 8 0 . 3 5  : 0 . 1

* Mean values  obtained from 20 separate analyses.
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and benthic  macrof,auna  were performd  between our l~bora.tory  and Texas

AM1 Univers i ty  (Pres ley) . The results are presented in Table  1 and show

a good correlation.

Standard clay (W-1) in amounts bracketing our suspended loads  were

analyzed for  the cer t i f ied const i tuents  wi th  the procedure out l ined

for refractory suspended material. Recover ies  were withjn  the  range  of

reForted  values (see Table 3).

RESULTS AND DISCUSSION

Suspended matter, zooplankton  and neuston samples were collected for

the 1975-76 ?tAFLA program on four transects across the continental shelf

of the northeastern Gulf of }.lexico  (see Figure 1). ‘ The transects will be

re fe r red

1. Four

on which

to as the 1100, 1200, 1300 and 1400 transecks,  as shown in Figure

stations were collected on each transect, except the 1100 t ransect

only three stations were sampled.

Sampling for the MAFLA program occurred durj.n~  three  seasons, but

suspended loads and their composition indicated a bi-seasonality  of water

column condit ions for the northeastern Gulf of !lexico. Mean suspended

loads for the summer and fal l  were 109f69 ug/Jl,  and l17t53 LIg/.t  respect ive ly

(one standard deviation). A two–sample t-test of unpaired samples with

equal  variances found these values not to be signj.fica,ntly  d i f ferent

at the 99$ conf idence level . However, the mean suspended load for the

wint,er  was 278i210  ug/k,  and a two sample t-test of unpaired samples

found the winter values to be signif icantly dif ferent from the summer

amd fall at the 99? c o n f i d e n c e  l e v e l . When equa].ity  of variances were

tested between the winter  and summer and fall, it was found that
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‘i’able 3 .

Element

Si02

‘1203

‘e203

Ceo

Elerlental  recovery of USGS-Wl s tandard c lay.
Values  presented as average precentage  composit ion.*

Standard Clay (W.)

52.6

>6.9

11.2

10.96

Standard Clay (Determined)

52.htl.~\

14.7fo.7

11..0+0.4

lo.89fo.21

* ]~]ean values  obta ined from  2 x 3 grou~  analyses dur ing fa l l  and winter
sampling periods.

.

.
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about the means were signif icantly dif ferent. Th is  is

by the greater variabil i ty of the suspended loads for the

winter  s e a s o n .

Physical processes appear to be the pri.mar.y cause of the seasonal

differences in suspended load. Pierce (1976) has noted that in the pres-

ence of’ a strong halocline  or thermocline,  it would be doubtful. i f  the

mass of  suspended materj.al  is ever sufficient to overcome the density

d i f ferences imposed by temperature and sal inity chan~es  bet,~ween water

masses . Furthermore, Brewer  and others (1976) have concluded that

advect ion a long isopycnals  is an important process in  control l ing the

distr ibution of suspended matter. Physical data, collect?d  concurrent ly

with our suspended material, d isc losed s tab le  water  condi t ions (estab l ished

thermocline  and halocline)  during the summer and fall  in the northeastern

Gulf of Mexico. As might be expected, the suspended material

collected at or above (10 m) the thermocline  and/or halocline

by b iogenic  (s i l iceous and calcareous)  par t ic les . The winter

which  was

was dominated

however,

displayed unstable water condit ions (no thermocline  or  halocline)  and

intense mixing due to winter storms, resul t ing in  an a l terat ion in  both

the quantity and composit ion of the suspended material.

An interesting corol lary to the effect  of ph]-sical  processes on the

suspended loads occurred during the second sampling period. Station 1205

was sampled immediately prior to Hurricane ELOISE and again after the

hurr icane. Suspended loads at the same station were doubled (128 ug/!l  to

210 pg/R)  by the p!::’sical  mixing due to the hurricane forces. S i m i l a r

observations were ns.de off the ~Torth Carolina coast  where suspended
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loads were more than doubled over pre-storm  values by the pa~sa~e of  a

hurricane, and within a week the concentration values hail  returned to

pre-hurricane  va lues (Rodolfo,  et al.. ,  1971).

The weak-acid soluble composit ion of %ation  1205 after  the hurri-

cane showed a

a doubling of

t}le  su~pended

f ive- fo ld  increase in  ca lc ium,  a  four–fo ld  increase in  i ron,

lead a,nd an increase i.n n icke l . Ca,lcium carbonate content of

loa,d  increased f rom 5.3% to 23fi after the  hu r r i cane . The

refractory fraction of Station 1205 showed an increase i.n silica,,  i ron,

aluminum, and vanadium. Sil ica to aluminum ratios decreased after the

hurricane (12 to 4.1) possibly due to an increased clay content of the

suspended matter. ‘Mineralogical analysis of the  suspended mater ia l ,

although unable to determine an increase in suspended clay content,

did  f ind a shift  in mineral composit ion fol lowing the hurricane. The

percentage of  ch lor i te ,  illite, and feldspar increased at the same time

kaolinite  decreased. Hurricanes generate physical mixing forces which

alter the suspended loads and their composition. S imi lar  phys ica l

p r o c e s s e s  ( n o  thermocline,  water of low stability,  intense  mixing)

occur  during  the winter with the same results.

The composition of’ the weak-acid soluble fraction of the suspended

matter at the f i f teen stations for the three sampling sessions is presented

in Tables 4-6 . This data also shows a bi-seasonality  in the composition

‘of  the suspended matter. Weak-acid soluble calcium comprised a consis-

tent  percentage (1.76f1.55)  of the suspended material for all.  s ta t ions

during the summer and fall. It has been previously noted (BUN 2nd Quarterly

Repor t )  tllo.t  calcium values for the fal l  were elevated in comparison to the
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f i rs t  sampl ing per iod. The winter’s weak-acid soluble calcium values

are skewed with extremely high calcium values reported for the I and II

Transects (X = 12.2fi)  and values  of  one to  two orders of magnitude lower

for  the 111 and IV Transects  (~  = 0.23~). Using the mean calcium composition

and mean suspended loads  of the I  and 11 Transects, one finds that

CaC03 compr i ses  1.8?  and 6.2Z, respect ive ly ,  o f  the SPll for the summer

a n d  f~.11 versus 30.5Z  of the SP!L for the  w in te r .

Weak-acid soluble cadmium remained consistent throu~hout  the sampling

per iods. Chromium, which was non-detectable during the f irst two sampling

sessions, was detected at  certain stations during the winter where

suspended loads were relatively  large (>200 PQ/L).  Copper and lead

values were highest for the first sampling session and somewhat lower i n

both subsequent sampling

during the fal l  sampling

al l  t ransects  except  the

sessions. 17eak-acid. soluble iron was lowest

period and comparable for summer and winter on

IV Transect of the winter. The iron concentra-

tion on the IV Transect was 8-36 t imes greater durin&  the winter

( i . e .  I  = 0.93% f o r  w i n t e r ,  I  = 0.021~  fo r  f a l l ,  -X = O.1OZ for summer) than

in the fall and summer. Simultaneously, high refractory aluminum, iron,

arrd si l icon vsLiues suggest that this weak-acid soluble iron results from a

poorly structured hydroxyoxide form in associat ion with clay material.

Th is  is  fur ther  d iscussed in  another  sect ion of  this report.

The composit ion of the refractory suspended matter  for the three

sampling periods is presented in Tables 7 - 9 . Interestin~  trends and

d i f f e r e n c e s  w e r e  evicient  in  th is  f ract ion. Aluminum, i r on ,  and  s i l i ca

concentrat ions were ~;reatest  during the winter sampling. This could have

resulted from river runoff,  resuspension of bottom  sediments, and increased
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primary  prod. uctiv~.ty  (diatoms)  .  IL  i:  Iikel;y  t~lat all  three mechani::ms

are  operatin~;  to  e levate cer ta in  e~enents  dependin~  upon the  sample l o c a t i o n .

A n  e x c e l l e n t  t o o l  f o r  eval.uatin~  the  origin  of  the  pa r t i c l es  i s  t he  wci.[;ht

rat ios of each element to refractory alrminum  (see Tables  1 .0 -15 ) .

Refractory alwninww

organisms and has a

Diatoms, which

i s  used

primary

u t i l i z e

because it  is not Creatluy  concentrated by

source j.n clzqr minera ls .

silica  i n  t h e i r  frust,u.les  , would,  UpOll

ana l ys i s  Shlo’;: a kligh ~jlic~n/aluminUm  ratio  (>4)  s i n c e  the;j  incorrmrate

r.inor  amount,s of alumi.nwm (see Bennekorr and Gaast,  1 9 7 6 ) . F~~:ever,  cla~{~,

which  a r e  alup-ir+o-silicate  mineral~  , ;.:o~d  di~~lay  low si.lico.fl/alw~.in.lLm

ratios  (2  -  6:1). ~~a,rrli:l~~,ioq of  ~a~le~  ~9-15 s~,o.w 10I,. sj_~j.cOp/alw.inUIq

rat ios on the  IV Transect of the thirfl  s~~~pli]i~  period  when compared  to

the IV Transects of the otlier  sampling g~riods. These alumino-silicate

values result from an increased clay  content of the  winter  suspended

loads (w60?!). Whereas high calcium values occurred on the ca,rbonate-

r i ch  1+’est F lor ida shel f  (J2?.vies and IIoare, 1970) ,  the  hi@ alumino-sil.ica.te

values occur  on the !lississipni-.~.abavla  shelf where clays are  an important

part of the bottom sediments (Grif f in, 1?62). !ITlis r e f l ec t i on  o f  she l f

sediment cor.position  by the suspended matter implies that physical processes

were suff icient to resusgend  and transport bottom and river material durin~

the winter in the northeastern Gulf of l.!exico. The hi~h  s i l i con/a luminum rat ios

found on other transects and at  other times of the year indicate  increased

s i l ica concent ra t ions resultin~  fro~li biological sources or quartz sand which

would essent ia l ly  d i lu te  t ’he existin~  clay. Suspended mineralogy WOrk by

Dr.  HuanR found quartz to he present  at  80? of  the s ta t ions samples in

mounts  su f f i c i en t  t o  con t r i bu te  siplifi.callt  quan t i t i es  o f  s i l i ca .
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The distribution of nearshore part iculate iron has been found ‘to be

domina ted  by the presence of  detrital  silicates, althouGh  the concentra-

tion of  marine organisms in surface waters can also be si~nificarit  (Spencer,

et  a t . , 1972). I t  is  therefore in terest ing to  note the consis tency of.—

the Fe/Al ratios for the winter and fall  sampling (see Figure 2), except

a.t t hose  stations  durin~  the fal l  wk,ere the Cr/Al  r a t i os  a re  ve ry  hi~h

and then the I’e/Al  rat ios are also high (Stations 1310, 1103). A. corre-

lation  coef f ic ient  o f  0 .96 was ca lcu lated bdween  P.1 and Fe Yor the fall

and ~winter  (exc lud ing Stat ions 1310 and 1103 at the fal l) ,  whereas a

correlat ion coeff icient of  0.75 was calc~lated  between AS and Fe Tor  the

sun.ner. The lower  correlat ion of the early summer is bel ieved to have

~esulted  fron  i nc reased  b io l og i ca l  ac t i v i t y  by amomhous s i l i ca  sec re t i ng

organisms, diatoms. The h igh s i l ica  concentrzt,ions  and high Si/Al  yatios

on all  the transects during the sumner indicate that diatoms dominate the

suspended composition and incorporating Fe, unsupported by aluminjm

during ~rovth. However the fall and winter periods were dominated by

carbonate organisms and resuspended se~.iments  respectively, and here the

par t icu la te  i ron is  assoc ia ted wi th  detrital  s i l i ca tes . Thus it would

seem that part iculate iron in surface water of the northeastern Gulf of

l.lexico  is  pr imar i ly  cont ro l led by detrital  s i l i ca tes

organisms are important seasonally, depending on the

o f  o r g a n i s m s  p r e s e n t .

“although biolo~ical

concen t ra t i on  and type

Refractory iron concentrations were greatly elevated on the

IV Transect during the winter compared to other samplins  seasons,

This  obv ious ly  resu l ted f rom increases in  the contribution of clay



l.i

V

a

V
_v-. -v - SI

-
-

C

22

J.)c
I

Figure  2. Refractory Al versus Refractory Fe
for second and third sampling sessions.
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minerals made to  the suspended matter.

[.mineralogical analysis of the

showed that smectite  and kaolinite

This assemblage of  suspended cla>~s

mately  0 .055  fo r  smectite  (Degens,

suspended fraction from the IV Transect

were dominant during the winter.

should have a Fe/Al ratio of apJjroxi-

I-g65) and 0.051 for kaolinite  (Weaver

and Pollard, 197~).  Howeve r , our data for the IV Transect shows Fe/AL

ratios of 0.29 - 0.52. This discrepancy can be explained by  the existence

of free ferric  oxide ~articles  and/or  the  adsorption of iron to the  c l ay

partfcles. Tieh  and Pyle (1~72)  described cores from. the same region

composed of  composite clay particles stained with iron oxides and/or

hydroxides. The concurrently high weak-scid so lub le  and re f ractory  i ron

concentrat ions for  the IV Transect  ind icate i ron to  be par t i t ioned at

d i f ferent  ox idat ion s tates poss~.bly  ind icat ive of  recent ly  deposi ted

sediments and/or r iver runoff.

Refractory chromium showed some interesting trends during  the three

sampling periods. During all seasons, chromium appears to increase as

one goes from  the I to the IV Transects, H igh  Cr/Al  ra t ios  are genera l ly

found at  those stations  with high Si/Al  rat ios, and i t  is possible

that biological mechanisms might, in part, be responsible for  these increased

chromium concentrations in suspended matter.

Refractory lead is another element that appears -to be influenced

by  b io l og i ca l  ac t i v i t y . High Pb/Al  ratios are  often matched with high

Si/Al  rat ios and this is part icularly evident during the fall  s a m p l i n g

session. I t  i s  no ted  tha t  high  Pb/Al  and  hi~h  Cr/Al  r a t i os  appemr to

occur at those stations where there are low suspended loads, which could

result  in art i f ic ial ly high  e lement- to-a luminum rat ios  because of  the



increased po~~ibil.ity  of contamination. l!owever, wi th  e levated Cr/Al

rat ios one should  expect  e levated Fe/Al  ra t ios i f  contaminat ion occurred.

This appears to  be the case for Stations 11.03 and 1310 during the fal l

but  st i l l  does not explain many other stations of the summer, fal l  and

winter which have elevated Cr/11  and Pb/Ad. rat ios occurring with high

Si/Al  r a t i o s .

It is difficult to  d iscuss re f ractory  copper ,  n icke l  and vanadium

since they  were often at the detection l imits of our analyt ical procedure.

Comparison and interrelat ion of our data with the mineralogy of

susgended  r,atter  and sedimenks  ( D r . l?. F!uang) p rov ides  f u r t he r  i ns igh t s

in to  our  resu l ts . The dominant clay mineral on the Mi.ssissippi-Ala’oama

shelf  is snectite  wi th  both ch lor i te  and ch lor i te-vermicu l i te  mixed

layers present in trace amo~~ts (Table 16). If the suspended minera-

OIORJ- data is examined for the IV Transect (Table 17) one finds smectite

present at only  one station for the summer and fal l  but present at al l

s ta t ions dur ing the winter . Thus it would  appear that physical processes

are causing the suspended mineralogy to more closely reflect the sediments

r,ineral  composit ion during the winter. ‘This is  consistent with our

conclusion that clays dominate the  suspended material during the winter,

but not during  the remainder of the year on the IV Transect.

Suspended mineralogy from the winter found carbonates (aragonite,

low magnesium calcite, high magnesium calcite and dolomite) present in

appreciable amounts on the I Transect, and to quote Dr.  Huang,  “ThCSC

suggest  that some stirring up from the bottom  sediments  may have occurred. ”

This  data corroborates our  e levated carbonate values  found on the I  and

11 Transects during the  winter. S imi lar ly ,  we a lso a t t r ibute
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Table l.fi. Clay  Mineral Content (%) of Curface  Sediments from the  ~FLA
S i tes (Prel iminary Results)

Station No.

2101
2102
2103
2104
2105
2106

2207
2208
2209
2211
2212

2313
2316
2317
2318

2419
242o
2421
2422
2423
2424
2k25
2426
2427

2528
2529
2530
2531
2532
2533
2534
2535
2536

2637
2638
2639
z640
F641.
26@
2643
P644
2645

Smectite

8
10

T
T
o

24*

o
7

;
37

46
7
3
8

3
5
4

12
15

1;
14
45

11
9

18
16
24
27
24

:;

74
82

:;
55
43
76
49
61.

Ch lo r i t e  o f
Chlor i te -Vermicu l i te

mixed layer —

64
54
48
62
39 “
28

54
44
45
45
21

13
43
39
39

39
37
29
22
16
20
39
29
9

34
36
35
23
28
21
20
15

5

2
5
3
6
T
6
‘1’
4
l!

Illite

11
10

8
5

11
15

11

:
5

13

10
6
9
5

:
2

:
8
8
8
8

:
4
7

10
10

4
7
8

3
4
7

10
Q
17

6
11!
9

Kaol.ins——

17
26
43
32
1+7
33

35
41
42
46
29

31
41+
49
48

54
;;

61
65
61
48
49
38

52
51
43
54

::

;:
38

21
9

15
23
32
3)+
17
33
26

% lkpanded  m ixed  l aye rs
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Station No.

1101
1.102

1 1 0 3

1204
1205
1206
1207

1308
13!39
1310
1311

1412
1413

1 4 1 4
1415

Table 17.

Smectite

T

T

11

The Content  (%) of Clay Minerals in  Suspended
Particul.:~te  Matter  from 10 m Depth on the
West, F lor ida Shel f

Jtiy  14,  1975 and Ju~y 21, 1975

Ch lo r i t e

10
7

12

15
15
19
T

17
6

11
32

~8
T
T

11

Illite

19
25
~8

29
15
17
38

16
23
13
20

~8
46
23
12

Ka.olinite

40
27
34

27
20

2:

26
24
30
42

43
54
28
16

Talc

23
41
36

29
50
31
T

41
47
57
16

10

4;
61

T Trace Amount
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Table 17. The Content ($)  of Clay Minerals in
continued Suspended Particulate Matter from

10 m Depth on the West Florida
She l f

September 16, 1975 and October 3, 1975

Stat ion Ho. Smectite Ch lo r i t e Illite Kaolini’te Tal  C

9
6

I-6
11
14

38
23
35

1101
1102
1103

26
79
38
32
56

63
2

4:
24

1204
1295
1205a
1206
1207

11
9

31
T

10

T
10
31
20
10

.
1308
1 3 0 9  ‘
1310
1311

18
25

4;

48
25
25

T
T

26 .

1412
1413
1414
1415

24 24

4;

24
43
57
36

28
57

T26 38

1205a before hurr icane
1205 af ter  hurr icane

T Trace Amount
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Tabl.e 17.
conti  nued

The Content (%) of Clay Minerals in
Suspended Particulate Matter from
10 m Depth on the West Florida
She l f

January, 1976

Station no. Smectite

1101
1102
1103

1204
1205
1206
1207

1308
1309
1310
1311

1412
1413
1414
1415

9

T

63
68
83
74

Trace Amount
Not enough sample

Ch lo r i t e

31
15
19

20
18
24
12

13
16

T
%

2
2
T
T

Illite

9
10
17

8
23

5
9

11
27
11

+$

9
12

7
9

Kaolinite

44
51
15

54
31
71
65

66
30
70

++

26
18
10
13

Talc

16
24
49

18
28

0
5

10
27
19

*

o
0
T
5



resuopension  of  bottom sediments aS the Primary  CarkJOnate en r i chmen t

process.

The zooplankton  collected displayed. a remarkable consistency in their

concentrations of various elements (see Table  18). However, iron levels

were elevated on the  IV Transect durj.nc  the winter sanplinE  period.

T h e  mean iroil  concentrat ion for  t~le I,inter  (1192 ppm) was 4-8  t imes

that of’ t,~~e s~y:~j~r ( 2 5 3  ppn)  or the fall (I-16  ppm ). The c o n c u r r e n t l y

high  iron values  for  the weak-ac id  solu-sle  and ref ractory  f ract ion of  the

S~~ indicate that  suspended matter  could be the cause of the zooplank-

ton’s elevated concentrations. In order to determine how much clay would

have to be in our 0.5 gram zooplankton  samples in order to elevate the
.

iron values%a.hove their previous levels, a short calculation was made.

The difference between the mezn iron concentration for the  winter

and that  of the summer and fall  for the IV Transect is 1008 pg Fe/g  of

zooplankton. K n o w i n g  the  mean Fe/Al  ratio (0.41)  of the refractory SPII

for the IV Transect of the winter , one would need ~1,230  Ug of A1/O.5  g

of  zooplamkton  to  conta in  suf f ic ient  Fe. According to Huang the suspended

mineralogy of the clay minerals was approximately 72Y smectite  and 177

kaolinite  for the IV Transect. .41wminum c o n s t i t u t e s  207 of kaolinite

(Weaver and Pollard, 1 ? 6 7 )  and llZ  o f  smectite  (Degens,  1965).  Using

these assumptions one f inds that 11.2 mg of clay (2.2$  of sample mass)

a re  requ i red  to  elevate iron levels in zooplankton.

This calculation is based on the assumption that all the iron we

found in t}le  zooplankton  is adsorbed on or contained in  clay latt ices.

If  a free ferr ic oxide form existed, then this amount of clay  wou ld



BLM Z O O  P L A N K T O N

TOTAL E L E M E N T  A N A L Y S I S

C!?UISE t4UM5ER I E L E M E N T  C O N C E N T R A T I O N  Ih! PARTS PER MILLION
- - - - - - - - - - - - - - -  ---” .---.-.= --.---e-  a--q-”-  .r..-p---- - - - - - - - -  ~=mma

STATION DEPTH S~W:E

NUMBER IN  M ( M I L L I G R A M S )  A L CA c o CR Cu FE NI PB Sr v

------- ----- --.’------ ---

1101

1102

1103

1204

1205

1206

1 2 0 7

1308

1309

1310

1311

1412

1413

1414

1 4 1 5

*****

0. 509.

0 . 512.

0 . 510.

0 . 480e

0s 5336

0. 5240

0. 5 3 5 .

O* 995.

0 . 1047,

0. 993.

0. 909.

0. 1003.

0 . 394.

0. 997.

0 . 1 0 0 8 .

= NOT DETECTABLE

--------------------------  -.----.--.-”----  -.E,q---.  -----------

N4

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA 4 . 3 6 0021 8.07 61. 1.18 0 . 7 2

NA 6.93 0.67 10e~2 1%60 1.50 2.17

NA 13.66 0e91  Z8098 106.. 3 . $ 0 1.94

lUA 7035  0 0 $ 4  lle08 151. 1.4% 1 . 7 5

NA 7e52 0.52  2b034 126. lof36 3 . 6 3

N& 8.33 0e38 ‘9.40 67* 1.40 1.29

NA 6.95 0 . 2 5 9*67 51. ~078 1 . 2 4

NA 5 . 3 4 O*I6 14e42 67* 1.93 O*86

N& 4.36 0006 8 . 0 9 5 4 . 0068 0.40

NA 5*57 0e69 lle59 83* 2.23 2e58

NA 11.$5 ~o(lb ~5986 161. 3.59 3.28

NA 10,96 3.23 14,83 553, 2.29 3.(93

NA 4.20 0.42 15.78 178. 1.94 1.28

NA 2.82 0 . 2 8 9.55 86. 1.57 0.98

NA 4.26 0.75 31.’?5 197. 3 . 7 9 2,91

/4.4 8.95

NA 13.02

NA 5.65

NA 3 . 9 5

NA 12.22

NA 7 . 4 0
I
N

NA 5 . 9 7
I

NA 1001

NA 2.1-7

NA 1.07

NA 1 . 2 6

NA 4 * 5 9

NA 11,92

$JA 15.32!

NA 7 6 4 5



BLM Z O O  P L A N K T O N

TOTAL ELEMENT ANALYSIS

C R U I S E  NUMi3ER 2 E L E M E N T  C O N C E N T R A T I O N  IN PARTS PER MILLION
- - - - - - -  - - - - - - - -  ---., - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  -.-a..-. - - - - - - -  .-

STATION DEPTH s:.: E
‘s

NUMRER IN M ( M I L L I G R A M S )  A L CA CD CR CLJ FE NI PEl S1 v

-----”- - - - - -  - - - - - - - - - - - - - - - - - - -  .  .  .  .  .  .  ..- -a?------  ----.--. -.a.-.e-. . -  .  .  .  . . ” - - - - - - - -  . “ -—

1101

1102

1103

1204

1205

1215

1 2 0 6

1 2 0 7

1 3 0 8

1 3 0 9

1310

]~1~

1412

1413

1414

1415

0 . 518.

0. 567.

0. 491.

0. 590*

0. 5 0 5 .

0, 5zle

0. 543*

0. 519*

0. 476*

0. 502~

0. 5 2 6 a

04 555*

0. 486.

0. 3t)5e

0 . 50$0

0 . 472.

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA 2.09 0.17 9.78

MA 2.91 0e16 14,29

NA 17.95 0.37 ,21.66

NA 2 . 5 0 0.28 12,15

NA 10070 0,30 1 7 . 0 5

NA 2.90 1.05 21*88

NA 3.01 0.31 12t.43

NA 3.19 0017 12.19

N& 2.s3 0 . 3 3  13.30

NA 10.65 0.17 12.44

NA 12.7’0 3.81 23.44

Ni 12,17’ 0.70  19*77

NA 2.55 0.21  88*G1

N& 3 * O 7 0.71 16.72

NA 23*39 0.63 20.34

NA 22.19 5046 42*4O

556

69.

600

7 7 *

97.

192.

79.

62.

5 4 .

60.

52.

J440

84.

49.

94.

237.

3.15 0.25

3,46 0~86

5.27 0.79

0.91 1.26

1.59 3 0 5 4

1.56 4.22

2.14 2001

1.05 1.17

0.98 O * 6 9

3*34 1.07

9.74 1.18

9.22 2,09

1023 0066

1.27 2,52

5c.52 3 . 3 7

9s75 13.37

NA 1s69

N,A 5666

NA 0.80

NA 5 . 4 0

NA ****U

NA O*37

NA le42  +7

NA 0,47

NA 4*75

NA 0019

NA .2.05

NA 0.28

NA 1.02

NA 34-32

NA 0.92

NA 1.04

= NOT DETECTABLE
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EILM Z O OP  L A NK ‘T 0 N

TOTAL ELEMENT ANAL’T’SIS

C R U I S E  NUMBER 3 ELELIENT C O N C E N T R A T I O N  IN PARTS P~R M I L L I O N
- - - - - - - -  - - - - - - - - - - - - - - - - - - - -  .-*-.U--- .---..=--- - - - - - - - -  .  . . - . - - - - - ” -

/
S T A T I O N  DEPTH s:.: E

k
NUMBER IN !+ ( M I L L I G R A M S )  A L CA CD CR Cu FE NI P6 S1 v

“------ - - - - - --,M..--=  --- -“.-”*. ------- ..-z-.n- -----.== ------- e....-. ------- .--ee-- -e.

l x l x lx lx lx lx lx lx

1101

1102

1103

1204

1205

1 2 0 6

1207

1 3 0 8

~ 1309

1310

1311

1412

1413

1414

- 1415

0 .

0.

o*

0 .

0.

0.

0.

0,

0.

0.

0.

0,

0.

0.

0.

.486e

5 9 7 .

526.

5’40.

3000

506e

5 1 3 .

453,

558.

5160

4 9 0 .

5G5.

NA

MA

NA

NA

NA

NA

NA

NA

NA

PJA

NA

N4

NA

NA

NA

K/A

NA

NA

NA

NA

N4

NA

NA

NA

N4

NA

N 4

NA

N/a

NA

9.57 1 . 5 9  14.54 381.

7.S6 0089 14.18 113.

6.78 0.19 10.54 5 3 .

3 * 1 2 O * 5 4  33a26 173.

4.61 0.18 12.55 8 2 .

5.33 0039 12.48 1]9.

~016 *~=~~ 17.61 600

8.5i 2.?9 12.47 18920

4066 O*98 19043 224.

6.!34 0 . 5 0  13.44 244.

8*21 O*33 X8*14 100.

.3.97 le98 11.89 -~~.>ti”>

2.69 1.00 24.oG9 1542.

2.!35 0.32 17~12 280.

6.12 0.59 17.70 892*

1.68 3.26

2.07 3 * 4 4

3*76 0.67

1,26 1.78

0.90 0016

1.32 0.37

1.25 O * 3 4

2.10 7.e9

3.23 0.94

3041 12.49

5*49 0.69

2645 1.17

3 . 5 4 0.97

1.54 0,16

ze~~ O*8O

lx lx

NA I*6O

NA 0 . 9 9

NA 2e35

NA 1.32

NA 1.21

NA 2.88

NA 2.17

NA 4*79

NA 1.77

NA 15.22

NA 2.05

NA 25.41

I’JA 3065

NA 3 * O 4

NA 6*83

&-
J=
1

**&** = NOT DETECTABLE
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obviously be reduced. The hi~h  weak-acid soluble iron values for the

IV Transect indicate that a reduced form  of’ j.ron  could be available,

Assuming the dry weight of an or~anism  to be 1/10 of’ its wet wei@~t,  then

1 1 . 2  m~ of  c lay would  be 0.2% of the  zoopla.nkton  (vet  ~ti.)  or 2fi o f

zooplankton  (dry  wt.). J#rgensen  (1966) has indicated that  copepods

s h o w  little  select ivi ty in assimilat ing particles  from l-~0  Pm ~.n d i a m e t e r

and can efficiently sweep water volumes ranging from 72 to >2,000  ml

2b hr-l  mg dr;{ wt-l.  5“, mce

stat:ons  was ?a,racalanas,  a

the dominant  zooplankton  of the offshore

calanoid  copepod  and of the inshore station

(i411  ) was Paraealana.  , Eucal_anas, End fish  eggs (data from  Caldwell  and

!<zturo)  11.2  ng of clay does not seep to be an unreasonable amount .

The concentration of the renaining  elements (Cd, Cr,  Cu, Fe, Ni,

Pk,  V) is in  good agreement ~’ith  those reported by other authors (see

Tzble  29). Variat ions that  did occur between stations and transects were

felt to be due to taxonomic  compos i t i on , population turnover rates and

geographic location.

Neuston  concentrat ions for

presented in Tables 20-21. Due

ease of possible contamination,

I t  is  in terest ing that  in  every

the 2nd and 3rd sampling periods a r e

to the abundance of

the neuston  data is

case tar balls were

foreign objects and

d i f f i c u l t  t o  e v a l u a t e .

noted  p r i o r  t o  ashing,

there were high  vanadium concentrations. No readi ly  d iscern ib le  t rends

could  be found between time of day, geographica l  locat ion or  period  of

sanpling. It will probably be necessary to improve our samplin~  procedures

before any reasonable bioloxic  interpretations can be made.

Suspended loads  ,and chemical composition of the sus])ended  matter

indicate a. hi-seasonal water structure for the Northeastern Gulf of P.lrxico.



1975 am~? w i n t e r , 1.976.

1st sampling
session
(June, 1975)

?nd sm.pling
sessioo.
(Sept., 1.975 )

3rcl smpling
session
(Jan.  , 1976)

fart  ir:  and
~n~uer (1972)
‘.!cnt,erey Bay

3 i~.s (1975)

iindom  (1972)

\~artin  (1970)

l’opping  (1972)

\;artin  and
Knauer (1974)
Pacific

Fe.

137.1
+12L.30.

91.55
~ 54.14

549.6
+701.1—

34b

1,181

1,200

348

Cr Ni— —

0.67 2.f38
k  .75 t  .93

().9~ 3.76
+1. > +3. 22— —

0.88 2.41
~ .76 A1.25

3.9

3.9

42.0

Cd—

7.00
+3.1.

8.47
+7.53—

5.82
+2.17—

6.2

1.9

3.9

1.0

2.4

6.80
+4.67—

4.02
+8.58—

5.02
+6.68—

Pb—

1.87
+1.02—

2.44
+3.1’+—

2.34
33.45

6.9

10.0

32.0

49.3

15.0

7.2

Cu—

15.09
~ 7.76

22.37
+19.14—

15.30
~ 3.63

5.4

16.2

82.0

41.0

16.2

15.44
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TABLE 20 -  con t i nued
8LM NEUSTON

TOT.AL ELEb!E\T ANALYSIS

CRUISE  NUMRER z! E L E M E N T  CO’4CENTRATION  IN  PARTS PER M~L1-ION- - - - - - -  - - - - - - -  - - - - ..  .  .  .  .  .  -------  .?., - - - - -  - - - - - - -  ------”  -

S T A T I O N  DEPTH

- - - - - - -  -

S;:W~E

NU~BER IN M ( M I L L I G R A M S )  A L CA ~~ CR Cu FE NI P8 S1 v

-------  ----- --------  ---

1 3 0 8

1 3 0 8

1 3 0 9

1309

1 3 1 0

1310

1311

1311

1 4 1 2

1412

1413

1413

1414

1434

‘1415

1415

0 . 512*

0 . 529.

0. S06e

c . 488.

0 . 467*

0 . 4 8 9 .

00 498*

0. 498.

0 . 5 0 2 .

00 4 9 5 .

0 . 501,

0 . 501.

0 . 477.

0 . 493*

0. 4 9 2 .

0 . 512-

= NOT DETECTABLE

--------  .-..--.”  --------  .--s.---  ----------------  ----=---  -m-

lX

NA

NA

Nc

NA

NA

N&

NA

!44

NA

NA

NA

NA

NA

NA

NA

NA

NA

NQ

NG

NA

NA

NA

F-IA

NA

NA

NA

NA

N4

NA

NA

N/q

NA

2.25

2e93

6.00

6019

26,85

0.40

0.31

3 . 9 5

1,00

0.56

1.19

0.35

3.52

5e,42

2e71

1.56

0 . 4 9  23.86 94,() 1.34 2.91

2.13 17011 293.0 2.19 12.13

0.66 17.37 53800 6.08 1.75

1.39 24.28 1796.0 3.66 5.59

1027 20.60 3130e0 9.25 5.34

0 . 0 4  22.10 675.0 6.34 0.9’3

0.36 19e60 1500.0 8 . 6 6 I*45

9008 57.90 186.0 2.33 0.45

0 . 8 3  11080 457.() 2007 1011

0 . 5 6  14090 36000 2.22 0.99

0.45 13.50 67300 2.31 0,86

O*49 26.49 464.0 6 . 5 9 1.64

0e30 23e20  10’S0.0 11.25 0.99

0018 3 3 0 5 0 29.2 1oo5 le60

0 . 8 4  38.30 2920.0 $ . 5 3 0.94

0.11 28.40 7 4 . 4 1.97 2*92

NA I*33

NA 0 . 9 3

NA **G**

NA 0.41

NA lie40

N A 2.57

NA 6 . 4 3

NA 1 . 1 1

PJA 0 . 3 7

NA 2 * 2 O

NA oe.94

NA 2.65

NA 1.93

NA I*27

NA 10.20

NA e**e*

L-
$0
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The che~.i~al  ~O~~nO~ition also  ap~ears  to  re f l ec t  an  env i ronmen t  of  r e s u s -

pended bottom sediments during  the winter which is  being transported to

the 183 m contour on some stations (1103, 1415) . During the  re-

mainder  o f  the  year the sus~ended  loads  zppear  to  be dominated by

b i o l o g i c a l  ~articles  both carkor:ate  and s i l i c e o u s .

Suspended  matter  composit ion is  a reflection of  the source of the

cartj.cles  ‘,Jhether  biogen<c  or ter rest r ia l  and their  re la t i ve  abundance .

~<~o-:lledge o f  t he  co~positi.on  of  the  sus~ended  m a t t e r  Zt  VariOUS ZeograGhic

Iocatjons,  tine  of year  and de~th  could serve as an inva luable too l  for

detect ing a~~ trac ing e levated metal  po l lu tant  leve ls .

ZOO~12Zk~On which  were co l lec ted OZ oblique  trawls  of  the water

COll&-~~ shoi,:~d high  i;o~  conzentrztions  at  those s tat ions hav ing increased
. .

ariol~q:~ of’ clay-rich  susnended  n.aterial. Zocplankton, r e f l e c t i n g  t h i s

seasonal chage  in suspended matter, a re  l i ke l y  to  r e f l ec t  s im i l a r  signi–

ficarrt  alterations of the water column in the  case of’ in jected pol lu tants .

Oil,  known to  contain elevated levels  of  nickel and vanadium (Smith, et al. ,——

1975) ,  is  biodegraded  by marine  bacter ia  (Zo3ell,  1962)  which in  turn

are a port ion of the food source for zooplankton. Since nickel and

vanadium were detectable in al l  zooplankton  samples, any signif icant

increases in their

lated  wi th  chs.n~es

“concentrations could be detected and hopefully corre-

in their hydrocarbon content.
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